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FOLLOWING VIBRATION AND SHOCK TESTING 
ABSTRACT 
The NaK PMA, buildup 2 / 7 ,  using a MOD I motor, was subjected t o  t h e  
environmental conditions expected f o r  f l i g h t  hardware of t he  SNAP-8 system. 
The P M  w a s  f i l l e d  w i t h  Brayco 922, a kerosene type o i l ,  t o  simulate NaK 
during the t e s t .  
Evaluation of the components a f t e r  disassembly revealed some damage 
t o  the t h r u s t  bearing and a n  in te rmi t ten t  ground i n  the  motor windings. 
Pre -environmental and post-environmental hydraulic performance t e s t s  
i n  a water t e s t  loop showed t h a t  no appreciable change i n  performance had 
occurred. The s t a t o r  housing was systematically disassembled which r e su l t ed  
i n  t he  discovery of the  location of the grounding condition. A design change 
in su la t ing  the  a rea  of the ground incorporated on MOD I1 motors e l iminates  
the  need f o r  f u r t h e r  changes. Some minor changes t o  the  t h r u s t  bearing 
gimbal sockets and locking p ins  are necessary, however, t o  assure the  PMA 
passing the vigors of vibrat ion and shock t e s t i n g .  
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1. INTRODUCTION 
The s ~ ~ p - 8  NaK Pump Motor Assembly ( N a K  PMA) w a s  designed f o r  pumping a 
l i qu id  which i s  a eu tec t i c  mixture of sodium and potassium (NaK 78) i n  the  
SNAP-8 35 kWe nuclear tu rbo-e lec t r ic  space power system. 
Two NaK PMA's a r e  required i n  t he  power conversion system, one i n  the  
reac tor  or  primary loop and the other i n  the heat  r e j ec t ion  loop. The same PMA 
i s  used i n  both loops. 
Extensive endurance t e s t i n g  of PMA's has been accmplished a t  the  Aerojet-  
Nuclear Systems Company and a t  t he  NASA LeRC f a c i l i t y  which has demonstrated the 
long l i f e  capab i l i t i e s  of t he  NaK PMA when operating i n  i t s  system environment. 
Additionally,  a s e r i e s  of vibration and shock t e s t s  was conducted a t  the  
NASA LeRC environmental t e s t  f a c i l i t y  t o  determine the  capab i l i t y  of t he  SNAP-8 
N a K  PMA meeting the  vehicle launch and l i f t - o f f  v ibra t ion  and shock conditions as 
es tab l i shed  by NASA spec i f i ca t ion  417-2. 
This repor t  descr ibes  the  condition of t he  NaK PMA a f t e r  disassembly and 
inspect ion following the  v ibra t ion  and shock t e s t s .  
Some damage did OCCW- t o  the  PMA bearing elements and an in te rmi t ten t  
s t a t o r  ground a l s o  occurred. The l a t t e r  def ic iency,  however, had already been 
corrected i n  l a t e r  design changes by improving the  ground i n s u l a t i o n .  The bearing 
damage can r e a d i l y  be corrected by minor design changes. It i s  therefore  concluded 
t h a t  with a small amount of redesign the s~Ap-8  NaK PMA's can adequately meet 
the v ib ra t ion  and shock conditions per NASA spec i f i ca t ion  417-2. 
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11. PRE-ENVIRONMENTAL TEST PRl3PARATION 
The NaK pump motor assembly unit 2/7, using a MOD I s t a t o r  housing, was 
subjected t o  a n  environmental t es t  i n  compliance t o  the  requirements f o r  f l i g h t  
components of the SW-8 system. 
The MOD I configuration s ta tor  housing was the  f irst  generation of three 
s t a t o r  housing designs. 
aggregate pot t ing ,  with M22 mater ia l  f o r  the  s t a t o r  laminations. 
design included, extending t h e  motor windings a quarter  of an inch on both ends, 
exclusion of coarse aggregate i n  t h e  pot t ing ,  s e r i e s  wound windings, insu la t ion  
applied t o  the  inside peripheryof the s t a t o r  housing a t  the  connection end of the 
windings and ceramic in su la to r s  i n  each terminal  opening t o  the motor cavi ty .  
The MOD I11 motor design i s  the same as the MOD I1 design, except the  s t a t o r  lamination 
ma te r i a l  i s  Hyperco 27. 
The MOD I motor design includes p a r a l l e l  windings, coarse 
The MOD I1 motor 
The outside configurations of a l l  th ree  "MOD" motor s t a t o r  housings a re  the 
same except f o r  a 1/2-inch o v e r a l l  increase i n  motor cav i ty  length on MOD I1 and 
MOD I11 s t a t o r  housings. A l l  th ree  housings, however, a r e  interchangeable with a l l  
of the  components of the  pump motor assembly. 
The pump motor assembly was assembled per  AGC-STD-1341 a s  094066-9, S/N A l ,  
Uni t  2/6 and was t e s t e d  i n  the NaK simulated loop (water loop) t o  e s t a b l i s h  pre-  
environmental hydraulic performance data. 
as shown i n  Figure 1. The pump motor assembly was then disassembled, cleaned and 
reassembled t o  the  requirements o f  AGC-10411, Amendment 2,  as 093200-13 
Unit  2/7. 
A l l  data  was recorded i n  the  normal range 
S/N A l ,  
The pump motor assembly was then prepared f o r  de l ivery  t o  IRRC by packaging 
it i n  a shock preventative container with an Impact-0-Graph t o  monitor a l l  shocks 
while i n  t r a n s i t .  Analysis of t h e  strip char t  from the  Impact-0-Graph a f t e r  
shipment t o  NASA concluded t h a t  the  pump motor assembly d i d  not experience any shocks 
g rea t e r  than those spec i f ied  i n  NASA Specif icat ion No. 417-2 dated 29 Ju ly  1963; 
however, Revision C of t h i s  spec i f ica t ion  dated June 1969 reduced the  requirements t o  
a l e v e l  t h a t  was exceeded during the  shipment t o  IRRC as referenced i n  Appendix A. 
2 
The pump motor assembly was tes ted a t  k R C  per the requirements of 
NASA Specif icat ion No. 417-2 Revision C; however, before the t e s t  was s t a r t e d ,  
the pump motor assembly was f i l l e d  with Brayco 922, a f l u i d  t o  simulate NaK. 
This f l u i d  was se lec ted  because of i t s  s i m i l a r i t y  of s p e c i f i c  gravi ty  and 
v iscos i ty  t o  t h a t  of NaK (see Appendix B). 
handling problems. 
NaK could not  be used due t o  hazardous 
3 
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111'. TESTING 
During the environmental t e s t  t he  s t r a p  holding the pump motor assembly t o  
the base was  not strong enough t o  maintain r i g i d i t y  and was replaced w i t h  a heavy 
two piece s t r ap  securely bol ted t o  the base as shown i n  Figure 1. It i s  noted here 
t h a t  t h e  o r i g i n a l  s t r a p  w a s  not designed t o  withstand the  shock load but  only t o  
secure t h e  u n i t  thermally t o  the  base. 
The t e s t  was completed and the f l u i d  was drained from the  u n i t  a t  LeRC 
and returned t o  AGC f o r  ana lys i s  and inspection. 
A separate repor t  w i l l  be issued describing the t e s t i n g  a t  a l a t e r  date .  
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I V  . POST-ENVIRONMENTAL TEST EVALUATION 
A. DISASSEMBLY AND INSPECTION 
Before disassembly, the pump motor assembly was flushed with f reon  
TF with the pump end i n  the down posi t ion.  The f lush ing  contents were f i l t e r e d  t o  
catch any p a r t i c l e s  for ana lys i s  by the materials group. 
The general  outside condition af the u n i t  revealed the vent valve 
on the  s t a t o r  housing had broken off a t  the tube t o  housing weld j o i n t  as shown i n  
Figures 1 and 20. The s t a t o r  housing was deformed around the  base mount loca t ing  
hole (Figure 2) as a r e s u l t  of the  f a i lu re  of t he  holding s t r a p  allowing the  s t a t o r  
housing t o  bounce aga ins t  the p i n  i n  the base. 
loca t ing  lugs a r e  loose but s t i l l  i n t ac t .  A subsequent helium leak  check of the 
winding area showed no leakage t o  be present.  This ind ica tes  t he  ceramic i s  not 
cracked t h r u  i n  the lug a rea .  
j o i n t s  were frozen. Rapping these with a hammer d id  not dislodge the  pins.  Dye 
penetrant inspections of a l l  b o l t  covers showed no defec ts .  
Both of the thermocouple header 
A l l  three pump housing t o  motor housing p in  t o  lug  
A l l  phase -to-phase and phase - to-neutral  e l e c t r i c a l  measurements were 
balanced and c lose ly  comparable t o  pre-environmental t e s t  measurements. Insu la t ion  
t o  ground res i s tance  showed an inf ina te  reading. The thermocouples have cont inui ty  
and the  speed sensor c o i l  res i s tance  was measured a t  200 ohms. This i s  t h e  acceptable 
range. 
The pump motor assembly was disassembled i n  the  usua l  manner of sawing- 
off t he  b o l t  covers and removal of t h e  components by s t a r t i n g  with the  pump housing. 
Throughout the  disassembly a l l  b o l t s  were removed with comparative ease,  however, i n  
some areas  the  breakaway torque was less  than or  i n  excess of the allowable to le rances .  
These values a r e  tabulated i n  Table I.  
During disassembly metal p a r t i c l e s  were found throughout the  pump motor 
assembly. 
Also, t he  e n t i r e  inside surfaces were coated with Moly Kote, a lubr icant  used on a l l  
b o l t s  during assembly t o  prevent ga l l ing  of the threads.  
A concentration of these p a r t i c l e s  was found i n  the  t h r u s t  bearing area.  
The t h r u s t  runner, support r ings  and t h r u s t  pads shawed no s igns of 
However , gimbal r ing  S/N S264 was chipped i n  both socket a reas  which mate damage. 
with the  bearing support r ing ,  as shown i n  Figures 3 and 4. 
numerous burnish marks a t  the interface t o  the  housing as shown i n  Figure 5. 
Backplate S/N S235 had 
I' I 
Housing S / N  574 had matching burnish marks r e l a t e d  t o  the  backplate and a l s o  
r a d i a l  indentat ions approximately .005 of an inch deep i n  four places  matching 
the configurat ion of the  backplate as shown i n  Figure 6. 
socket j o i n t s  ( the s ide that  mates with t he  support r i n g )  of gimbal r i n g  S/N S284 
have both been p a r t i a l l y  sheared i n  the same d i rec t ion .  One p i n  was loose on t h e  
backplate mating s ide a s  seen i n  Figures 7, 8 and 9. 
housing S/N S295 had s imi la r  damage points as the  housing and backplate on the  
opposite end (see Figures 10 and 11). The an t i - ro t a t ion  pins  i n  both housings 
(pins t h a t  keep the  backplates from ro ta t ing  during operat ion)  were both worn t o  a 
cone shape a s  seen i n  Figures 12 and 13. 
The pins  a t  the two 
The backplate S/N s216 and 
The journa l  bearings showed damage only as a r e s u l t  of debr i s  g e t t i n g  
i n  between the pads and the sleeves on the  ro to r  sha f t  as shown i n  Figures 14, 15, 
16 and 17. 
The suct ion housing and impeller vane faces  showed marks t h a t  were 
produced by fore ign  p a r t i c l e s  get t ing between t h e  in t e r f aces .  The suct ion housing 
had one s ign i f i can t  s c ra t ch  approximately 180" across the face ,  (see Figures 18 and 19). 
A l l  other components of t he  pump motor  assembly showed no s ign  of damage a s  a r e s u l t  
of t he  environmental t e s t .  
Analysis of pa r t i cu la t e  ma te r i a l  a s  described i n  Appendix C 
subs tan t ia tes  the source of t he  mater ia l  by the  damaged areas  found during 
d i  s a s s emb l y  . 
B. EVALUATION 
To fu r the r  evaluate the  s t a t o r  housing, e l e c t r i c a l  measurements 
phase t o  phase, phase t o  neu t r a l  and in su la t ion  res i s tance  were taken a t  e levated 
temperatures. 
reached. A t  t h i s  temperature a l l  e l e c t r i c a l  measurements were balanced. The 
in su la t ion  res i s tance  was measured a t  lmeg-ohm which i s  normal a t  6 0 0 " ~ .  
These measurements were taken i n  100°F increments u n t i l  6 0 0 ' ~  was 
The s t a t o r  was oven cooled t o  room temperatures and e l e c t r i c a l  
measurements were again taken. 
environmental measurements; however, t he  in su la t ion  res i s tance  t o  ground had dropped 
t o  30,000 ohms. 
f lunctuated t o  200,000 ohms. 
A l l  phases balanced and were comparable t o  pre-  
By rapping the  s ide of t he  s t a t o r  housing l i g h t l y  the r e s i s t ance  
As par t  of the  e l e c t r i c a l  examination, a surge 
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J 
comparison t e s t  was performed. 
i n  the  phase 2 windings a t  500 vo l t s  DC and a continuous shor t  occurred a t  1000 vo l t s  
DC. 
voltage amplitude p r o f i l e  of each phase t o  the other phases a t  varying voltages. 
An ungrounded surge comparison t e s t  was performed with no shor t  detected i n  any 
phase a t  500 ohms, 1000 vol t s  DC. 
poss ib le  it was decided t o  run the  un i t  i n  the  NaK simulated loop a f t e r  the s t a t o r  
housing was leak  checked. 
winding area by opening the pinch-off-tube po r t  and pu l l ing  a vacuum t h r u  t h i s  por t .  
Helium was applied t o  t h e  terminal headers and s t a t o r  end covers and can with no 
leak  de tec tab le  a t  a leak r a t e  of 1 x 
winding area  was backf i l led  with dry ni t rogen (dew pont -35°F) and sealed i n  the  
normal manner of welded pinch-off and capping. 
An in te rmi t ten t  breakdown i n  voltage occurred 
The housing was grounded during t h i s  t e s t .  This type of t e s t  compares the 
Although a p o t e n t i a l  shor t  t o  ground was 
A standard helium leak check was performed on the  s t a t o r  
cc /sec. While s t i l l  under a vacuum the  
C. POST-ENVIRONMENTAL HYDRAULIC PERFOJ3MANCE TEST 
The pump motor assembly was  reassembled as 094066-9 and w a s  t e s t ed  
i n  the  NaK simulated loop t o  es tab l i sh  post-environmental t e s t  data .  The r e s u l t s  
of the t e s t  c lose ly  compared with the pre-environmental t e s t  as shown i n  Figure 21. 
No abnormal conditions were apparent during the  t e s t .  
D. CONTINUED EVALUATION OF STATOR WINDING 
The u n i t  was removed from t h e  loop and disassembled. Several  t e s t s  
were performed on the  s t a t o r  housing t o  determine the source of the short .  These 
methods used low power i n  the  micro amp range and were inef fec t ive  i n  c lear ing  or 
sus ta in ing  t h e  shorted area.  An e f f o r t  t o  loca te  the grounded area using high power 
was then made by discharging 95 p f  capacitance of 1000 vo l t s  DC t h r u  the  windings. 
A subsequent surge comparison t e s t  a t  500 and 1000 vol t s  DC confirmed t h a t  t he  ''ground" 
had been "cleared". 
po in t  t he  "ground" by removing the  s ta tor  can and end covers and c a r e f u l l y  chipping 
the  ceramic po t t ing  away. 
t he  winding had touched the  s t a t o r  housing near the  Phase 2 lead wire. This area 
has been completely insulated on a l l  MOD I1 s t a t o r  housings. 
s t a t o r  can, approximately 30 percent of the area between laminations and s t a t o r  can 
had a t h i n  coating of powdered ceramic. 
The s t a t o r  housing was  then disassembled i n  an e f f o r t  t o  pin-  
The "ground'' was discovered where a connection knuckle of 
After  removal of t he  
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v. CONCLUSIONS 
A s  a r e s u l t  of the environmental t e s t  and post-environmental t e s t  inspect ion 
it was concluded t h a t  the pump motor assembly might have presented s t a r t i n g  d i f f i c u l t i e s  
due t o  debris  p a r t i c l e s  passing through t h e  r a d i a l b e a r i n g s .  
or g a l l s  were found on the running surfaces of the thrust bearing, it i s  possible  
t h a t  t h e  t h r u s t  bearing might not function s a t i s f a c t o r i l y  over a long period of time 
a t  e levated temperatures due t o  the damage found i n  the gimbal r i n g  p ins  and the  
backplate an t i - ro t a t ion  pins.  Design changes should be considered t o  the  t h r u s t  
bearing, motor housing holding s t r ap  and vent  valve t o  preclude t h i s  damage. A 
change was previously made t o  the thermocouple header by increasing the  ceramic 
in su la to r  thickness.  
Although no scratches 
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TABLE! I 
COMPARISON OF PRE-ENVIRONMENTAL TEST AND 
POST-ENVIRONMENTAL TEST BOLT TORQUES AND CLEApA NCES 
Bo It Pre -Environmental Post -Environmental 
Locat ions Tor que Re quir erne n t  s Tor que Value s 
Pump Housing 72-96 inch lb .  40-100 inch lb. 
Recirculat ion hunp Housing 72-96 inch lb .  !lO-lOO inch lb. 
Suction Housing 50-55 inch lb .  25-50 inch lb. 
Journal  Bearing Housing Pump End 
I 
72-96 inch l b .  90-110 inch lb .  
Journal  Bearing Housing, 
Recirculat ion Pump End 72-96 inch l b .  85-95 inch lb. 
Recirculat ion Impeller Lock Nut 96-120 inch lb. 150 inch lb .  
Main Pump Impeller Bolt 35-40 inch lb .  15 inch lb .  
Thrust Bearing 72-96 inch lb. 90-95 inch lb. 
Thrust Bearing N u t  30-35 foo t  l b .  40 foot  lb.  
Journal  Bearing Retainer Screws, 
Recirculat ion Pump End 47-53 inch lb .  23-25 inch lb. 
Journal  Bearing Retainer Screws , 
Pump End 47-53 inch lb .  20-25 inch lb. 
Thrust Bearing Holding Screws 30-35 inch lb .  30 inch lb.  
Assembly Post -Environmental 
Requirements Values 
Recirculat ion h p e l l e r  t o  
Housing Clearance .009 -. 011 
Tota l  Axial  End Play Rotor Shaft  .002 - .004 
.009 
.009 
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APPENDIX A 
A - i  
tO-OQ7-IOP 8%. Nb. J-1-001 
TO: ES Chalpin DATE 25 September  1969 
49 32 - 69-0169: CSM: j g  
FROM: EtB Mah 
SUBJECT: Shock Loading on NaK PMA 2 / 7  During Shipping 
COPIES TO: W F  Banks,  B Breindel,  C L  Foss, WD Daniels,  JR Pope ,  G Lombard,  
R W  Marshal l ,  UA Pineda, CE Todd, HG V o n r h i n ,  F i le ,  J McDonoWh 
WL Sniapp - Cleveland 
NASA-LeRC: A Stromquist ,  GM Thur,  MJ S a a r i  
Enc losu res :  (1) "GI' P ro f i l e  f o r  NaK Ph4.A 2 / 7  Shipped to Cleveland 8-30-69 
(2) Approximate "G" Loading f o r  Var ious  Drop  Heights 
(3) Le t t e r  f r o m  WS Mielziner,  Impact -0-Graph Gorp. to WL Snapp, 
(4) Orientation of NaK PMA Unit 2 / 7  and Impact-0-Graph in  Shipping 
Ae rojet-General ,  dtd 9 -16-69 
Box fo r  Del ivery  to LeRC 
NaK PMA 2/7,  shipped f r o m  AGC, Azusa  to Cleveland on 30 August 1969, 
was  packaged with an  impact  measur ing  device (Impact-0-Graph).  
of the t r i p  showed that  t he re  w e r e  17 noticeable impacts ,  with 4 of them g r e a t e r  
than 15 g's (Enc losu res  1 and 3). 
o c c u r r e d  during the shipping process ,  it was  concluded that  the m o s t  s e v e r e  
i m p a c t s  o c c u r r e d  during the handling by t rucks  (Encl. 1). 
the or ientat ion of the Impact -0-Graph in  re la t ing to the PMA. 
that the Impakt -0-Graph w a s  bolted to the s a m e  plywood base  plate  as the 
NaK PMA. 
The r e c o r d  
By analyzing the t i m e s  at which the impac t s  
Enc losu re  (4) shows 
It c a n  be 8een 
An es t ima te  of the height f r o m  which the packaged PMA m u s t  be dropped 
t o  impose  var ious  "g" loadings was m a d e  with an  a s s u m e d  res i l ience  f o r  the 
packing padding and the box ( E n c l .  2 ) .  The r e su l t s  indicate thatdthe box m u s t  
have been drgpped-$ram abodt 15 inches when the 23.5 "g" impact  occur red .  
I€ a maximum 30-inch drop, as specified in NASA Specification No. 417-2, Rev. C 
dated 1 June 1969, is made, the impact  on the PMA would be approximate ly  
32 Ilg's" if the s a m e  foam packaging w e r e  used. 
It should a l so  be noted that the component mus t  be capable of withstanding 
35 'g's" a s  requi red  by NASA Spec. No. 417-2, dated 29 July 1963, w h e r e a s  
the Revis ion C of th i s  spec. dated 1 June 1969, r educes  th i s  r equ i r emen t  to  15 "g's". 
A - l  
I 
ES Chalpin 2 49 32 - 69 -0169 : CSM: jg 
It is concluded that  the packaging of the N a K  PMA was  sa t i s fac tory  fo r  
the type of handling noted in Enclosure  (1) based  on the 29 July 1963 NASA 
specif icat ion but would be unsat isfactory fo r  the 1 June  1969 NASA specif i -  
cation. 
The m e r c u r y  pump-motor  assembly  (Hg PMA) will be packaged and 
shipped in the s a m e  manner  a s  the NaK PMA in the n e a r  future. 
Impac t -0 -Graph  record ing  wi l l  be made f o r  this  unit also and a compar i son  
will  be made to the above. 
An 
C. S. Mah 
Mechanical  Components Section 
P o w e r  Sys t ems  Depar tment  
A -2 
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. 8 
The 
Irnpact=O-Graph 
C O R P O R A T I O N  
September 16, 1969 
M r .  W. L. Snapp 
Aerojet-General Corporat ion 
20545 Center  Ridge Road 
Cleveland, Ohio 44116 
Dear Mr. Snapp: 
T h i s  a n a l y s i s  is  made unde r  t h e  assumption t h a t  the  
r eco rde r  was placed i n  a n  up r igh t  p o s i t i o n ,  and tha t  
t h e  Z s t y l u s  recorded the  v e r t i c a l  impact. The 
f r equen t  change of pos i t i on  is  unusual,  b u t  could be 
caused from t h e  f r e i g h t  c a r  being placed on a s i d i n g  - 
which was n o t  level, and same could be t h e  case if t he  
recorder was i n  a trailer.  
Nothing was mentioned as t o  what t h e  recorder was 
secured to, so t h i s  ana lys i s  shows l i t t l e  more than  
t h e  shocks r e g i s t e r e d  by it. 
A 30XYZ w i l l  n o t  show r i d e  condi t ions .  
1. Recorder w a s  turned on i t s  side, then  
2. Turned aga in  - m a x i m u m  shock vec to r  2.2 
3. Turned aga in  - maximum shock 6 spaces ,  
4. Impact 3.8 spaces  o r  15 g ' s .  
5. Turned - 4 spaces  o r  15.4 g ' s .  
6. Turnedrvector  6.4 spaces  o r  23.6 9's. 
back t o  o r i g i n a l  pos i t ion .  
spaces  o r  9 g ' s .  
22 g ' s ,  
Sinccyely,  
/ /  
Pres iden t  
HSM:rd 1762 East 18th Street 
Cleveland, Ohio 441 14  enc l :  Recording Chart  
AC 21 6-241 -5838 
A - 5  
, 
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APPENDIX B 
B- i  
. * 
INTER-OFFICE MEMO 
~0.001-Io1 (DTOCK NO. J-1-1) 
T O  
FROM: 
SUBJECT: 
COPIES TO: 
W. F. Banks 1 November 1968 
4932-68-0185:ESC: j g  
E. S. Chalpin 
Action I t e m  No. 4 of Memo 4901-68-2112, Subject: Program Management 
Review, 10  October 1968 
C. P. Colker, H. &row, C. L. Foss, F. Cassidy, L. C. Glenn, J. R.  Pope, 
R.  W. Marshall, N. Rwnpf 
AGC, Cleveland: W. Snapp 
NASA: P. J. Sebek, M. J. Saar i ,  G. M. Thw, A. Stromquist, 
P. R. Miller 
Action I t e m  No. 4 of t h e  10 October 1968 PMR states:  
"Aerojet w i l l  recommend a NaK PMA un i t  t o  be used f o r  environmental 
t e s t i n g  and will a l s o  recommend a f l u i d  t o  be used f o r  NaK simulation." 
The answers t o  t h e  ac t ion  item a re :  
1. NPMA #2 (an A - 1  configuration) will be designated f o r  environ- 
mental t e s t i n g .  
2. The pecommended f l u i d  f o r  NaK simulation is Brayco 922, a product 
of Bray O i l  Co., 1925 N. Marianna Ave., Los Angeles, Cal i f .  90032. A comparison 
of t h i s  f l u i d  with NaK a t  77OF is: 
NaK - Brayco 922 
Spec i f ic  grav i ty  = 0.760 0.868 
Absolute v i scos i ty  = 0.8910centipoises 0.88 cent ipoises  
Flash point = 108 F 
The Brayco 922 is  i n  s tock and t h e  costs  a r e  a s  follows (a min imum order 
i s  $10): 
5 ga l .  p a i l  - $1.75/gal. 
55 ga l .  bbl.  $ .7O/gal. + $6 deposit  on bbl.  
A t es t  report of the  f l u i d  should be requested a t  the  time of purchase. 
Mecha nica f Components Sect ion 
Power Systems Department 
B-1  
C 
APPENDIX C 
C -i 
W;~WJEZ' NUCIEAH 3YSl'EMS COMPANY 
mwER SYS!rEM6 OPERATIONS 
To: 
FROM: 
SUBJECT : 
COPIES TO: 
M E M O R A N D U M  
FILE: M&:11140 
UTE: 30 July1970 
7972: 70 : 0085 : eh 
Bldg. 16Olx6244 
3 .  li. pol# 
H. E. Blell 
Analysis of Particulate Material fran NaK PMA S/X 2/7 
A f t e r  Vlbratlan Ttstiog 
B. L. Amtadtar, B. Brelrdel, F. H. Cassidy, F. J .  Curtie, H. Derov, 
ANSC Cleveland: W. L. Snapp 
NASA IeRc: E. R. 1purman, P. L. S~U& 
C.  L. FO68, A. H. Kreeger, L. P- Mwz, U. A. Pineda, R. B. LhLbm, f:'Ia 
NAVPLANIIRER~/COR: D. E. BUEBCO 
During disaesernbly of P"Bl4 S/N 2/7 after vibration testing at USA I t R C ,  
T h  pump had pnevlmely been i n  aervlca in  LNL-3 a d  #35-1. 
emall amnmta of particulate material we= found In varioum locations ir  the 
camporrent. The 
material me collected snd admit ted for chemical analysis. 
quantity of material wae 60 -11, only mlcroacopic aab quautative ertisslou 
spectrographic ~ M ~ J W R  vere p s i b l e .  
B~CBUBCS the
The metallic raterial, fKa the throat  of the pump hausirAg, bearing 
support l i p ,  and inside the volute section, appeared microscopicalLy to be a 
mixture of fine chips, probably from a metal cuttiag operation, and d u 8 t - U ~  
n&erial which could be ~pstalllc wear products and/ar firaely divided mass tmae%c 
prcductt?. 
with significant amounts of chra~Ium, nickel and mangamtse, and trace amount€ of 
copper and elllcosr. A l t h o u g h  positive ldentlflcation wa8 not poseihle. the 
analysis indlcates the material was Fk base and could be a mixture of 300 6 e r i E n  
stainlee8 8tee1, martensitic stainless a t e e l  such as 410 and/or Wr-lMo, and -BE 
tranefer products deposited during pump operatIan i n  the laops. 
The qualitative anelyeis indicated the materials were primarily lror 
It l e  pre8rpled that the metallic material was retaiged In cmvices, pressure 
The vibration testillg disl.odged thie taps, etc.  In the pump a8 it wae as8embled. 
materlal and moved It to  the locations found during dleas8embly. 
would be present in the pump during eyetern operation and could potentially migrets 
t o  c r i t i c a l  areas and cauee perturbatlone in pump performance. 
Thit; material 
c - 1  
z L 
R. B. Nelson - 2 -  30 July 1970 
7972 : 70 : 0085 
The w h i t e ,  non-metallic material recovered frcm the i m i d e  of the 
atator houeing contaimd only eodlu~n and potassium as indicated by the 
emission eyactrographic analysis. Thio material is a N U  campowpd, 
probably carbonates, resulting fran tbs reridual TJaK, retaiacd after 
post-loop operation decontamination, beiw exposed to air.  
of this miterial occurs 0x1 post PPeterlals which have previously been 
exposed to RaK and then exposed to air. 
be present duriw elevated temperature operation of a pump in  8 NaK syatePP. 
The pzwence 
This material, however, would not 
H. E. B b l l ,  Superviaor 
Materials Engineering Group 
APPROVED: 
H. -row Maneger 
liechnical Reeources Section 
Engineering Departamnt 
Power Systems O p e r a t i o m  
c -2 
